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A process, for monitoring real-time hydraulic fracture 
propagation vAierein renote iiu.croseisnu.c activity is utilized* 
Selectively placed geophones detect generated longitudinal anji 
shear-waves which give an estimate of direction of the 
fracturing. Having obtained the direction of the fracture, 
polar izatiOT is used to obtain the fracture source. Subsequeaitly 
obtained microcracks whl<di define the main fracture boundary aire 
recorded as microseismic events, Microcraacing in the formation 
is sequenced in time thereby allowing the real-tiiie fracture 
height to be estimated. 
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MEXHOD FCR MGNTTORIMG REMr^TXXB 
HVnPMir.T^ mACTURE FPOPPCKTIQi 

mis invention relates to a method for inonitoring 
real-tijne hydraulic fracture propogation. 

Hydraulic fractures are produced in oil and gas fields, 
in solution mining operations, in fresh water eK^uifers, and 
certain other resource recovery operations for the purpose of 
extracting more fluid froro the earth than is possible in wells 
that have not been hydraulically fractured. Hydraulic fractures 
cure also used to more effectively disperse liquid waste into 
subsurface formations when these liquids eure punfsed into dis po s a l 
wells. Generally stated, hydraulic fractures increase the 
hydraulic conductivity of the subsurface geologic formation, 
permitting greater amounts of fluid to be injected and extracted 
than would be the case if the fractures were not present. 

I^cperienoa has shown, and it is now ccnmcnly accepted, 
that most hydraulic fractures are large, planar structures with 
surface areas from tens to many thousamds of square meters. 
Because of their economic ijrportanoe in resource recovery and 
waste disposal, it is often desirzdDle to establish the 
orientation and, if possible, the dimensions of the fracture 
plane in the earxl\\ Knowledge of fracture orientation an! 
dimensions permits wells to be drilled in optimal locations to 
take advantage of the non-uniform drainage or injection patterns 
that hydraulic fractures produce. In this way it may be possible 
to extract more of the resources in a field using a smaller 
number of wells that urould be possible if fracture geometry were 
not kncfc^Ti. Fracture orientation c.\r. also be used to dcterrr.ine 
the orientations of the princip.il strosis directions in the €5.irth 
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around the fractiiref. Knowledge of stress directions in the rai^h 
is importcint for certain engineering purposes, such as tumbling 
and blastixig, cind in the study of regional geologic structures 
and earthquakes. Furthesmore, infomation about the rate and 
directions of hydraulic fracture growth can be used in inproving 
the design and production of the fractures, thereby resulting in 
ecx>ncniic savings to the individuals ard organizations uho use 
hydraulic fractures in tlieir operations. 

A hydraulic fracture analysis method is disclosed in 
UB-A-4,802,144. Via this method free and forced oscillations in 
a well were used to determine fracture infsedanoe by well head 
pressure measurements and hydraulic models. Because inpedanoe is 
a function of fracture dimensions ancl the elasticity of the 
siorrounding rock, inpedanoe amalysis ccun be used to evaluate 
the geometry of the fracture by analyzLng the data which results 
frcn free aixi forced oscillations in the well, and looking for a 
match between the data and theoretical models of projected shapes 
of the fracture. 

■ An apparatus and method for determining directional 
characteristics of fracture systems in subterranean earth 
formations is disclosed in US-A-4,446,433. The appeuratus 
utili.:ed antenna packages fron which a trar.£5nir*-irrj mr^rm -^^n 
propelled from a wellbore penetrating the eart>. l^i't».iZl^i\ u-.t^ 
the fracture system. An axial ^u^d singular three-<lijne.nsional 
location of the fracture or other frcKiture profiles were readily 
napped. 

These prior art methods aro directed to "static" methods 
for determining fracture geometry and qfrouth. Therefore, what is 
needed is a method for monitoring ronl-tLrie hydraulic fracture 
propagation or growth . 
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i^Ddonjlirq tx^ real time hydraulic fracture, 

prtspagaticn is monitored by utilizing microseiaaic activity 
resultant from the propagation of a hydraulic fracture. A^lea^tf, 
three geaptanes are used to the evolution of the fracture 
with tin* The geaphones are orientated to receive seisnic viaves 
fron three mitually perpendiculox directions, which waves 
originate from disturbances created by the propagating fracture. 
A non-random tin» sequence of the disturbances is used to develop 
a «?pti^1^i nap of the disturbances caused vjhile the fracture 
propBMgates. The geophones are advantageously nulti-oonfxjnent 



Ihese disturbances are sensed by the geophones, recorded, 
and platted. By plotting tt» disturbances by depth and tijne, the 
fracture height can be measured in real time. A similar plot is 
made from disturbances obtained as the fracture length extends 
with tiiDB. A third plot is used to measure the aziituth 
(direction) of each disturbance. A cross plot between fracture 
height versus firacture length is developed. This gives a contour 
. which represents evolution of the fracture with time. 

The plotting of non-randcre, time sequence of the 
disturbance is po6sil>le because of seisxdc waves which result 
frem the development of two different kinds of cracks. The first 
.jrack >s tjonor.itod under tensile loadinq conditions. Sounds 
esnanatin? frcro microcracks which develop or ^ :oi£ie to t'^.e n.'. ::. 
cracdc are used to record the microseismic disturbances resultant 
from the propagation of the fracture. These micxocrac3cs are 
primarily shear failtires caused by increased pore pressure due to 
leak off. 

Preferably, the microseisniic activity or microcracks are 
detected by placing said geophones in three observation wells 
located about 60 to 150 feet (18 to 46ni) Crqm the well from which 
the crack is being propagated. ^ 



Reference is now i»de to the £KJoaqpanying drawinqs. in -Mv^. : 

Fig. 1 depicts the est.! nvttfrt micxosoismic source vloprrjs 
plotted as circled points at the time of source activaticn: 

Fig. 2 is graphical representation utiich shou's tr.icture 
turning with time; 

Fig. 3 illustrates schematically an arc*il/i;i\^r.;al vie--** or 
the evolution of a fracture with time; and 

Fig. 4 depicts scheanatically possible boundaries of a 
fracture resultant fran leak-off and micro cracks. 

In the practioe of this invention a well is drilled from 
which it is desired to hydraulicsally fracture a formation. A 
netlvod for hydraulically fracturing a formation is disclosed in 
US-A-4,067,389. Onoe the v«ll for creating the hvrlraulic 
fracture has been ocnpleted, three other wells are drilled. 
These wells are placed at a location adjacent to the well in 
which hydraulic fracturing will be conducted. They are locate 
at a distance sufficient from the well in which h^xiraulic 
fracturing will be ocMXluctad so ais to enable a goophone or an 
cirray of geophones positioned in said wells to detect sounds 
en^mating from the forration as it cracks. 

Th roe oonponent geophones are utilized. As such, the 
geophones have the capability of detecting conpression.^1 waves, 
vertical she£ur waves, ard horizontal shear waves. Geo|.ihones 
which can be used for this purpose are discussed in 
US-'A-4,280,200- The geophones aure positicnod in each of the 
wells adjacent to the well in which hydraulic fracturing is 



oondLMJC£ii so ^is to detect sounds oarr.imj tram rr.: or o--cr«iO'js ir. zr.Kj 
formation subftsoqucnt to tho main crack beimi qtinerattxi. m^-;o 
qeopfiohes are Ideated at a depth in tl^ souixl recaeptor well .it 
Vhlch^ it is antic i pa tad that t^ke fracture will form;: Sounds 
reoeived on the geophones are recorded on a continuous rcoort1ir>7 
device which device is known to those skilled in the art. ii-/ 
using these geophones the direction and dimensions of the 
fracture can be determined. Geophones are also discussed in 
US-A-4,403,312 and US-A-4,899,321. 

live geophones are orientod to receive waves enwu^itin? 
from the generated fracture. Ttiey are oriented in three tnjtu.%lly 
perpendicular directions. By utilizing the polarization 
(directionality of the signal) the azirnuth of the dif^turbance 
(source) can be estimated in relation to the geopixDne. By 
rerxjrding the p--wave (longitudinal wave) ani the s-waves (shcir 
length waves), the range (distance) of the source can be estimat4Xl. 

Once the geophones and continLous recording equipment are 
functioning, hytlraulic fracturing is conducted in the well. As 
hydraulic fracturing is conducted, two kinds of cracks develop. 
The first is called the main crack which is generated under 
tensile loading conditions. H-ie second to develop are the 
micrpcracks. These develop at or close to the main crack 
bg|UJ3c|ar^ of the reoozried. microseismic events. 

TTiese microcracks are prinvurily shear failures caused by 
Increased pore pressure due to fluid leakoff into the fonT«tion. 
As th^ effective stresses on the rock mass charts, the oorxlitions 
for shear failure (Mohr-Oxilomb failure envelope) are s^itisf iod, 
thereby creating cracks. Microcr-ack ing is Txr*ra e^iisily 
aoacnplish€5d in tight rocks with leakoff ^ind ;r.iy appro^ich the 
e-v-trer^e outer boundary of the main crack. 



/ui the hydraulic fracture propagate through the 
fonr.it ion the microseisniic souroes or sounds oianating fran the 
laicrocracics are activated randcnly in time and randcmly on a 
finite plane which appraicimates the fracture surface. V^en the 
plane is vertical, the upper liniit of the microcracic source as 
relates to the depth at any given tiae approxi m ates the fracture 
height reached at that tijne. This is sham in Figure 1, whicti 
represents the plot of the micxcseisnic or ndcxocraclcing souroe 
depths as a function of tiae. In this figure, the estimated 
nucroseisanic or microcradc souroe depths 22 are plotted at circle 
points at the time of souroe activation. The source activation 
tiine is referenced to the start time of the treatment. The upper 
tine limit of the microseisaiiic souroe or micxocracJced depth is 
shown as the solid line 20 in Figure l. As is shown in Figure 1, 
during the first ten miiuxtes of the hydraulic fracture treatment 
the fracture height grows to within about 25 percent of its final 
maxiimm value. It is then followed by a period of slew gr»th to 
a maxijuiro height of about 400 feet (122m) . IXiring the f ij*al 30 
minutes or so of the hydraulic fracture treatment, the fracture 
height eippears to decline, reacaing the value of about 100 (3CkD) 
to about 300 feet (91jri) by the end of the fracture treataient* As 
is shown in Figure 1, a good cxirrelation exists between the 
fracture height estimated frcro pressure data shewn as broken line 
IB and that estimated from microseismic or microcrack data. By 
plotting the microseisnic events, i.e., depth versus time, the 
fracture height can be measured as it changes in real time. 

similar plots can be generated for fracture length versus 
tLn« as the fracture develops. A thlrti such plot cam be used to 
monitor the aziinuth of each event. This plot oonprises a three 
dimensional plot. The first two dimensions are spatial (x-y 
space plane) which represents the surface of the earth, the 



1. A method for monitcririg real time hydlraulic rracture 
propagation ocnprisLnq: 

a) determining the direction in which a hydraulic 
fracture will propagate frcn a wellfaore; 

b) pl^jjvf at least three geophones in the area wherein 
it has been determined that the fracture will propagate which 
geophones are oriented to receive sonic waves from three nutually 
peutperKlicular directions; 

c) initiating a hydraulic fracture via said wellbore 
which fracture proceeds into the fomation and creates <t 
mincrack and mi ctocra cks; 

d) using a non^randcm tiine sequence of the mi cxucra ck 
*y»i n f1 s as obtained fron the geophone to develop a spatial nap of 
the microcracks by sounds therefrcn which identify the 
pol£urization and direction of said microcracks. 

2. A method aooording to claim 1 wherein the 
microGeismic activity or microcracks are detected by placLnq said 
geophones in three observation wells located about 60 to 150 feet 
(18 to 46m) from the well frcm which the fracture is being 
propagated. 

3. A method according to claim 1 or 2 wherein che 
microsoisaiic source or microcrack sound are plotted as a function 
of time. 
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thixtJ is tin**. if only a f-o dimensioivj I plot is generat^u. tr^^ 
chm^ in fracture directicsn can be monitorod as shewn in Figure 
2. AS is shown in Figure 2 the turning of a fracture can also be 
lEcnitored with time. 

As is shown in Figure 3, when a cross-plot between 
fracture height versus fracture length is develqped, then 
contours representing evaluation of a fracture with time can be 
generated. Of inportance here is the non-randcn, time sequenoe 
of the generated events/waves frcra hyclraulic fractxiring in 

wellbore 10. 

Figure A also shcjws the possible boundary of the 
arack/ leak-off 12 artl microcrack 16. As is shewn in Figure 4, 
possible microcracking is aoocBplished when stress conditions are 
suitable for Mohr Oaulomb failure criterion to hold. The outer 
crack boundUiries 14 are also stom In Figure 4 as well as a 
leak-off boundary 12, Cracdcs are generated fran hydraulic 
fracturing oonlucted in wellbore lO. Based on the above 
occurrenoes, Biicrocracking in space Ls sequenced in time 
(non-randcm) with the outerrost place of ndcrocracking taking 
place at a later time. 
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